Introduction 4 1
A long-standing goal in ecology has been to determine the underlying mechanisms that 1 1 1
We examined the relative competitive ability of twig-nesting ants by constructing 1 1 2 dominance hierarchies based on 'real estate' experiments conducted in the lab. We collected ants 1 1 3 during systematic field surveys in 2007, 2009, 2011, and 2012 in the two different areas of the 1 1 4 farm, and then used ants in lab experiments. We first removed ants from individual twigs, and 1 1 5 then placed ants (workers, alates, and brood) from two different species (one twig per species) 1 1 6 into sealed plastic tubs with one empty artificial nest. The artificial nest, or 'real estate', 1 1 7 consisted of a bamboo twig, 120 mm long with a 3-4 mm opening. After 24 hours, we opened 1 1 8 the bamboo twigs to note which species had colonized the twig. All ants collected were used in 1 1 9 'real estate' trials within two days of collection, or were discarded. We conducted trials between pairs of the ten most common ant species encountered Pseudomyrmex simplex. We selected a priori to use the 10 most common species. We intended to 1 2 5 replicate trials for each pair (out of a total of 45 two-species pairs) at least ten times. However, 1 2 6 low encounter rates for some species, and for pairs of species within two days of one another 1 2 7 precluded obtaining ideal sample sizes. We replicated trials for each species pair on average 5.73 1 2 8 times; four species pairs were replicated once, nine species pairs were replicated twice, and 31 1 2 9 species pairs were replicated three or more times. Only one species pair (M. mexicana and P. We used our ant dataset to infer a dominance hierarchy by simulating interactions among 1 3 5 individuals to estimate level of uncertainty and steepness in the hierarchy. All simulations were 1 3 6 conducted in R version 3.3.3 (R Core Development Team 2017). We used the R package 1 3 7 "animDom" version 0.1.2 to infer dominance hierarchies using the randomized Elo-rating We subsampled the observed data to determine if the population had been adequately 1 4 1 sampled to infer reliable dominance hierarchies. We calculated the ratio of interactions to (Sánchez-Tójar et al. 2017). We estimated the dominance hierarchy using the random Elo-rating 1 4 7 method in order to track ranking dynamics over time. We converted the observation data and 1 4 8 randomized the order in which sequences of interactions occurred (n = 1000) such that different 1 4 9
individual Elo-ratings were calculated each time to obtain mean rankings (Neumann et al. 2011 ; -Peshkin et al. 2015) . We estimated uncertainty in the hierarchy by splitting our 1 5 1 dataset into two halves and estimated whether the hierarchy in one half of the matrix correlated In addition to examining the role of individual ant attributes and levels of uncertainty in 1 5 4 dominance hierarchies, we were interested in assessing how the organization of linear dominance and Seitz 2011). Therefore, we examined the formation of dominance hierarchies using motif Motif analysis is commonly used in social network analysis to detect emergent properties of the 1 6 1 network structure as an explanation for dominance hierarchies by comparing the relative 1 6 2 frequencies of motifs in the observed network to the expected value for the null hypothesis of a 1 6 3 random network (Holland and Leinhardt 1972; Faust 2007) . We carried out motif analysis with network, but the directionality and placement of edges were generated randomly. Using the To test for statistical significance between the observed and randomly generated 1 7 8 networks, we computed the triangle transitivity ‫ݐ(‬ ௧ ). Although the triad census consists of 8 1 7 9 different triangle configurations, we focus our attention on the relative frequencies of transitive 1 8 0 triangles. The proportion of transitive triangles P(t) in a dominance network is given by:
Strandburg
In this case, the expected probability of a transitive triangle in a random network is P(t)=0.75. In all 258 of 259 trials, there was a clear winner of the 'real estate' battle after 24 hours, 1 9 4 meaning that one of the two species had occupied the artificial nest. From examining the wins 1 9 5
and losses, a clear hierarchy emerged, with some species winning the vast majority (>70%) of 1 9 6 trials in which they were involved, and other species winning few trials (<30%). The ranking 1 9 7
shows that the twig-nesting species Myrmelachista mexicana is the highest ranked species, while 1 9 8
Pseudomyrmex ejectus is the lowest ranked species in the hierarchy ( Table 1 ). The one trial that 1 9 9 did not result in a winner was a trial involving P. elongatus and P. ejectus. The total number of interactions among the ten species was 258 interactions. The ratio of hierarchy largely predicts the probability of winning an interaction (Fig 1) . We quantify this by 2 0 7
using the Elo-rating repeatability and found a steepness of 0.938.
0 8
We further estimated the uncertainty in the hierarchy by splitting the database into two, 2 0 9
and estimating whether hierarchy from one half resembles the hierarchy estimated from the other 2 1 0
half. We find that the degree of uncertainty/steepness in the hierarchy is intermediate
(mean=0.76, 2.5 % and 97.5% quantile = (0.50,0.94)). The triad census analysis of the triad distribution showed that the observed network has a 2 1 5 significant excess of transitive triads (N=76) followed by a significant deficit of cyclical triads 2 1 6 (N=8). Triad types that are positive (i.e. non-overlapping at 0) occurred in excess in the observed 2 1 7 network, while triad types that are negative showed a deficit in the observed network as 2 1 8 compared to the random null network (Fig 2) . The remaining five triads in the network did not show any significant differences in the 2 2 0 mean triad percentage rates between the observed and expected network. While the data showed Tropical arboreal twig-nesting ants formed a linear dominance hierarchy in our study 2 2 7 system. We found that M. mexicana was ranked the highest, using Elo-rating method, while P. pattern was not due to a lack of sampling effort, we correlated the two halves of the interaction 2 3 3 dataset and found that our sampling effort was 25.8, falling above the minimal recommended 2 3 4 range of 10-20 species. Overall, we find that the probability of a higher ranked individual indicating that there is a strong, structured hierarchy in nest-site competition for arboreal twig-2 4 0 nesting ants in coffee agroecosystems. depends on the size of resources. In an assemblage of woodland ants, smaller-sized ants were retrieving smaller food that were mobile during competitive interactions. However, the 2 6 0 introduction of phorid parasitoids in this system reduced the transitive hierarchy facilitating the 2 6 1 coexistence of subdominant ants (LeBrun 2005; Lebrun and Feener 2007) . In our study on 2 6 2 competition for nesting sites in the lab, we were able to used fixed resources and to a certain 2 6 3 degree control variation in colony size. communities as networks of interacting species, we have found that twig-nesting ants are 2 7 5 overwhelming self-organized into a transitive dominance hierarchy. elephants in Kenya showed that between-group dominance structure is highly transitive Social dominance within a hierarchy was found to be strongly associated with body size with 2 9 0 higher ranked species having preferential access to food resources at feeders. While our study shows that nest site competition is important for structuring twig-nesting 2 9 2 ant communities, dominance hierarchies are often context-dependent and ranking of the same in temperate ecosystems showed that intransitive competition at local spatial scales mediates ant hierarchies.
3 2 9
Based on our findings, we find that tropical twig-nesting ants competing for nesting 3 3 0 resources are arranged in a dominance hierarchy. We find that the arboreal ants Myrmelachista interactions, we used motif analysis to infer higher order interactions. Transitive interactions were significantly over-represented in the network which further illustrates that twig-nesting ants 3 3 8 are organized in a linear hierarchy. While we find that twig-nesting ants form a dominance designed to assess antagonistic interactions, but less focus has been placed on collecting data that species don't necessarily interact in an antagonistic fashion. Therefore, more studies noting The following people assisted with field and lab data collection: G. Domínguez Martínez, U. la Frontera Sur (ECOSUR) provided logistical support. Permission for arthropod collection was granted by SEMARNAT (Secretaria de Medio Ambiente y Recursos Naturales). We thank Finca 3 5 8
Irlanda and Don Walter Peters for access to the farm and housing for field research. We also 3 5 9
